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Recent findings suggest impaired motor skill development during infancy in children
later diagnosed with autism spectrum disorders (ASD). However, it remains unclear
whether infants at high familial risk for ASD would benefit from early interventions
targeting the motor domain. The current study investigated this issue by providing 3-
month-old infants at high familial risk for ASD with training experiences aimed at facilitating
independent reaching. A group of 17 high-risk (HR) infants received 2 weeks of scaffolded
reaching experiences using “sticky mittens,” and was compared to 72 low-risk (LR)
infants experiencing the same or alternative training procedures. Results indicate that
HR infants – just like LR infants – show an increase in grasping activity following “sticky
mittens” training. In contrast to LR infants, evidence that motor training encouraged a
preference for faces in HR infants was inconclusive.
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INTRODUCTION
Infants gather information about their environment and the
objects within it through active exploration. The motor skills nec-
essary to engage in manual exploration emerge during the first
months of life as infants begin to reach for and grasp objects
(e.g., White et al., 1964; Thelen et al., 1996). These basic explo-
ration behaviors have far-reaching consequences for infants’ future
development and research shows that early motor skills affects
subsequent cognitive and social development. With regard to cog-
nitive development, motor activity at age 2–5 months has been
associated with attention skills at age 13 months (Tamis-Lemonda
and Bornstein, 1993) and at age 8 years (Friedman et al., 2005).
Similarly,motor maturity and exploration activity at age 5 months
have been associated with academic achievement at age 14 years
(Bornstein et al., 2013), and motor skills assessed via parent ques-
tionnaire between the ages of four to 48 months have been found
to predict working memory and processing speed at school age
(Piek et al., 2008). With regard to social development, motor and
communicative skills have been found to correlate with each other
(e.g., Hill, 2001). Motor skills at 18 months of age reportedly pre-
dict communication skills at 3 years of age (Wang et al., 2014), and
the onset of independent walking has been found to increase both
active social engagement by the child (Clearfield et al., 2008) and
how mothers respond to social bids of the child (Karasik et al.,
2014). Together, these examples highlight the importance of early
motor skills for subsequent development and suggest that atypical
motor skills may negatively impact development.
Additional evidence for the importance of early motor skills
comes from children with developmental disorders. Motor delays
are commonly reported in children with Down syndrome (Vicari,
2006), Williams syndrome (Masataka, 2001), in children born
preterm (Caravale et al., 2005; van Haastert et al., 2006), and in
children with an autism spectrum disorder (ASD; Ming et al.,
2007). While these disorders are defined by specific cognitive,
linguistic, or social delays, affected children also exhibit motor
difficulties. With regard to ASD in particular, it has been suggested
that motor delays during the first years of life may predict the
social impairments that are characteristic of this disorder (Bhat
et al., 2011). This hypothesis has been tested in infant siblings
of children diagnosed with ASD who are at heightened risk to
develop ASD or other developmental delays: approximately 20%
of high-risk (HR) infants develop ASD themselves and another
30% show non-ASD developmental delays (Ozonoff et al., 2011).
For example, Bhat et al. (2012) longitudinally examined motor
development in 3- to 6-month-old HR infants and report that
70% of HR infants with early motor delays subsequently exhib-
ited communication delays. Similarly, Flanagan et al. (2012) report
that poor head control (i.e., head lag) in 6-month-old HR infants
is associated with social delays, language impairments, and ASD
at 36 months of age. Leonard et al. (2014) report that move-
ment difficulties at age 9 months were associated with children’s
ability to identify facial expressions and gaze direction at 5–
7 years of age. And finally, LeBarton and Iverson (2013) report
that fine motor skills in 12-month-old HR infant were a sig-
nificant predictor of infants’ expressive language at 36 months
of age. Together, these findings suggest that infants at HR for
ASD show atypical motor development patterns that seem to
predict outcomes in social and language domains. Interestingly,
social deficits do not seem apparent during the first year of
life in infants at risk or later diagnosed with ASD during what
has been referred to as a “prodromal” period of the disorder
(Elsabbagh and Johnson, 2010; Landa et al., 2013). For exam-
ple, 7- and 14-month-old infants at HR for ASD seem similarly
attracted to and interested in faces as their low risk (LR) peers
(Elsabbagh et al., 2013). In contrast, poor motor skills have been
reported in affected children already during early infancy and seem
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to be among the earliest signs of atypical developmental trajecto-
ries in HR infants (Bhat et al., 2011; Flanagan et al., 2012; Leonard
and Hill, 2014).
Providing further evidence that critical motor skills may be
affected early in ASD, a recent study reported reduced grasping
engagement in 6-month-old HR infants (Libertus et al., 2014).
Grasping is a foundational skill that opens up critical learn-
ing opportunities. Once an object has been grasped successfully,
infants can learn about its function, use it for play, share it
with others, or talk about it. These activities foster social and
language skills. Consequently, reduced engagement in grasping
behaviors may constrain opportunities for learning and con-
tribute to poor developmental outcomes in some HR infants.
Furthermore, motor delays seem to become more prominent over
time in children later diagnosed with ASD (Landa et al., 2012;
Lloyd et al., 2013) and may impact both children’ own exploratory
behaviors and the verbal feedback they receive from their own
caregivers (Karasik et al., 2014). Because of this “rate-limiting”
role (Bushnell and Boudreau, 1993, p. 1017) of early motor skills,
it seems logical to target the motor domain as part of early inter-
vention strategies for HR infants. However, in reality the motor
domain is rarely considered in ASD interventions, which focus
primarily on communication and social interaction skills. The
current study aims to fill this gap by investigating the effects of
a low-cost, parent-implemented motor training paradigm in HR
infants.
A number of studies have shown that typically developing 3-
month-old infants (without a family history of ASD) respond to
training that facilitates experiences of successful reaching using
“sticky mittens.” For example, 2 weeks of parent-implemented
training with “sticky mittens” have been found to encourage
infants’ object exploration and grasping skills (Needham et al.,
2002; Libertus and Needham, 2010). Other studies have reported
changes in infants’ understanding and interpretation of another
persons’ actions in familiar contexts following “sticky mittens”
training (Sommerville et al., 2005; Skerry et al., 2013; Gerson
and Woodward, 2014). And finally, Libertus and Needham
(2011) examined whether successful grasping experiences influ-
ence infants’ preferences for faces and objects in a novel context.
Their findings revealed, surprisingly, that experiences of suc-
cessful grasping increased infants’ attention toward faces. A
similar finding has since been obtained following experiences of
independently moving an object that is attached to the child’s
hand (Libertus and Needham, 2014). These studies demonstrate
that scaffolded reaching experiences obtained via “sticky mit-
tens” encourage both motor and social development in typically
developing infants.
The current study builds upon these previous findings by
investigating whether HR infants respond likewise to scaffolded
reaching experiences (using “sticky mittens”). To this end, infants
were assessed before, and after 2-weeks of “sticky mittens” training
using a direct-observation measure of grasping behavior, a parent-
report measure of early motor development, and an eye tracking
measure of their preference for faces over toys. Results of the
HR infants were compared to four LR groups receiving identical
or different training procedures that were taken from previously
published reports (Libertus and Needham, 2010, 2014). Results
of the current study will inform early ASD intervention strategies
by assessing whether HR infants respond to early motor training
targeting grasping skills. Positive findings would encourage the
implementation and assessment of motor-focused intervention in
young children at risk for ASD (Lloyd et al., 2013).
MATERIALS AND METHODS
The Institutional Review Board at Johns Hopkins University
approved all study methods and materials. Parents of all par-
ticipants provided written informed consent prior to their
participation in this study.
PARTICIPANTS
A total of 17 three-month-old infants participated in this exper-
iment and completed 2 weeks of daily, parent-implemented
training using“stickymittens”(hereafter referred to as active train-
ing, or AT). All infants had an older sibling with a confirmed ASD
diagnosis and were thus at heightened risk for ASD (HR infants).
One infant was born premature at 35.5 weeks gestation; all others
had full-term births (M = 38.72 weeks, SD = 1.29). An additional
two infants were recruited but excluded from the final sample
because they did not complete the full training protocol (n = 1)
or returned late for their follow-up assessment (n = 1). Data from
an additional 72 three-month-old infants without family history
of ASD (LR infants) was obtained for comparison purposes from
two previously published studies (Libertus and Needham, 2010,
2014). These additional LR infants provide critical comparison
groups for the HR infants using the same and alternative training
protocols (PT, passive training; EE, encouragement experience; or
ME, movement experience). The five groups were of similar gen-
der, and racial composition (see Table 1 for details). There were
no statistical differences between the groups with regard to age
Table 1 | Participant characteristics.
Group N #F Race Age pre TD Age post
HR-AT 17 9 12C, 1B, 2A,
2M
11.04
(1.84)
135.31
(37.29)
13.06
(1.87)
LR-ATa 18 9 15C, 1A, 2M 10.90
(1.75)
125
(24.70)
12.92
(1.77)
LR-PTa 18 10 14C, 1B, 1A,
2M
10.90
(1.52)
144
(23.70)
12.93
(1.55)
LR-EEb 18 9 12C, 3B, 1A,
2M
10.51
(1.41)
109
(25.85)
13.09
(1.87)
LR-MEb 18 7 15C, 3B 10.87
(1.03)
101
(31.17)
13.33
(1.82)
The total number of participants in each group (n) and the number of females per
group (#F) are group totals. All other values are group averages with SD given
in parentheses. TD, training duration (minutes). Age is reported in weeks. Race
abbreviations: C, Caucasian, B, Black or African American, A, Asian, M, more
than one race. Group abbreviations: HR, high-risk infants, LR, low-risk infants.
Training abbreviations: AT, Active Training (“sticky mittens”), PT, Passive Train-
ing, EE, encouragement experience, ME, movement experience. Data from the
gray shaded groups was previously reported in aLibertus and Needham (2010) or
bLibertus and Needham (2014).
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(ps > 0.339). Further, there were no statistical differences in train-
ing duration between the HR-AT and LR-AT or LR-PT groups
(ps > 0.349). Training durations were significantly shorter in the
LR-EE and LR-ME groups when compared to the HR-AT group
(ps < 0.025).
TRAINING
Four training protocols were compared, each being administered
by the infant’s own parent for 10 min each day for a duration
of 2 weeks (for complete training details, please see Libertus and
Needham,2014). Training procedures are summarized inFigure 1.
Active training
Infants wore Velcro-covered mittens and Velcro-covered toys were
placed in front of the child. Parents encouraged the child to reach
for the toys. While wearing the mittens, accidental or purposeful
contact with a toy made the toy stick to the mitten – providing
experiences of successful object apprehension. Following suc-
cessful toy contact, the child was allowed to explore the toy for
approximately 10 s before the toy was removed and the procedure
was repeated.
Passive training
Non-sticky mittens and toys, visually identical to the materials
in the AT group were used. Parents placed the mittens over the
child’s hands and touched the toys to their child’s palms/mittens,
providing similar visual and tactile feedback as in the AT condi-
tion. Throughout the PT procedure, the child remained a passive
FIGURE 1 | Example of training procedures. Active training (AT) – Infants
wear “sticky mittens” allowing them to independently pick-up
Velcro-covered toys. Passive training (PT) – Infants wear mittens without
Velcro, parents lift and touch toy to infant’s palm. Encouragement
experience (EE) – Parent draws attention to a small toy within reach of the
infant, but does not help infant grasp toy. Movement experience (ME) –
Parent engages infant but does not talk about or draw attention to toy,
parent attached toy to infant’s hand without drawing attention to toy. Figure
adapted from Libertus and Needham (2010, 2014).
observer and never independently moved or touched the toys
themselves.
Encouragement experience
Parents placed a small, easily graspable toy in front of the child
and drew attention to the toy by talking about it and pointing to it.
Parents encouraged their child to reach for the toy, but were asked
to refrain from helping their child obtain the object. Following
successful toy contact, the child was allowed to explore the toy for
approximately 10 s before the toy was removed and the procedure
was repeated.
Movement experience
Parents first placed a small, easily graspable toy in front of the child
and then attached it to the infant’s hand using Velcro straps. The
toy was positioned so that its largest, most salient part was in the
child’s palm. Throughout this procedure, the parent engaged the
child in face-to-face interactions without mentioning or drawing
attention to the toy. Consequently, infants experienced manual
control over the object but no encouragement to act on it. Follow-
ing 10 s of toy contact, the toy was removed and the procedure was
repeated.
PROCEDURE
All trained infants completed twovisits to our lab, one before train-
ing (Pre) and one after 2 weeks of parent-implemented training
(Post). Each lab visit was identical within and across groups and
included a reaching assessment (Pre and Post) and a face prefer-
ence assessment (Post only). HR infants receivingAT (HR-AT) and
the LR infants in the EE (LR-EE) and ME (LR-ME) groups were
tested twice, before and after training (for details see, Libertus and
Needham, 2014). In contrast, LR infants in the AT (LR-AT) and
PT (LR-PT) groups completed four additional reaching assess-
ments in their own home during the training period (for details
see, Libertus and Needham, 2010). Parents of infants in the HR-
AT group additionally completed the Early Motor Questionnaire
(EMQ; Libertus and Landa, 2013) before and after the 2 weeks of
training.
MEASURES
Reaching assessment
During each lab visit, infants completed a 1-min reaching assess-
ment while sitting on their parent’s lap at a table. A small rattle toy
(not used during training, see Figure 2A) was placed on the table
in front of the child and the experimenter encouraged the child to
reach for the toy. For the LR infants taken from previously pub-
lished studies (Libertus and Needham, 2010, 2014), this task was
split into two 30-s trials (within reach and next to hand) whereas
the HR infants completed the task in one 60-s trial (within reach).
Behavior was coded from video recordings by trained observers
using frame-by-frame coding software. For the HR-AT group, two
independent observers coded 15 randomly selected videos and
correlation between the two observers was high (r = 0.90). Grasp-
ing behavior was defined as any manual contact with the toy that
resulted in at least one corner of the toy being lifted off the table
(as in Libertus and Needham, 2010).
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FIGURE 2 | Examples of toy used during reaching assessment (A), and
of stimuli used during face preference task (B).
Face preference task
Face preference was assessed using a paired visual compari-
son paradigm while infants’ eye gaze was recorded using a
remote eye tracking system (Tobii 1750 for LR infants, Tobii
X120 for HR infants). Infants were seated in a reclined infant
seat or on their parent’s lap at a distance of approximately
60 cm from a 17′′ screen (LR infants, 33.4 × 25.4◦ of visual
angle) or approximately 75 cm from a 22′′ screen (HR infants,
35.5 × 24.8◦ of visual angle). Four face-toy pairs were constructed
from four realistic photographs of neutral faces (two female,
all Caucasian) and four photographs of infant toys. Faces were
selected from the NimStim stimulus set (Tottenham et al., 2009),
toys were commercially available infant toys not used during
training or during the reaching assessment. Faces and Toys
were similar in size and luminance (DeNicola et al., 2013) and
were presented simultaneously, side-by-side (see Figure 2B).
Face preference scores were defined as in previous studies
as the difference between infants’ proportion of looking to
the face minus looking to the toy (with %LT face + %LT
toy = 100%).
Early Motor Questionnaire
The EMQ is a parent-report measure of motor development
designed for children ranging from 2 to 24 months of age. The
EMQ consists of three separate sections assessing gross motor
skills (GM: 49 items), fine motor skills (FM: 48 items), and
perception-action skills (PA: 31 items). High concurrent and pre-
dictive validity of EMQ scores with corresponding measures on
the established Mullen Scales of Early Learning (MSELl; Mullen,
1995) and Peabody Developmental Motor Scales, second edition
(PDMS-2; Folio and Fewell, 2000) have been reported in a sam-
ple that included children at HR for ASD (Libertus and Landa,
2013). The EMQ is currently the only motor development ques-
tionnaire suitable for 3-month-olds that has been compared to
standardized assessment and that has included HR infants in these
comparisons. Parents of HR infants were asked to complete the
EMQ the day before their visit to our lab. If a parent failed to com-
plete the EMQ prior to their lab visit, they either completed the
EMQ during their lab visit or later the same day. EMQ raw scores
have different ranges for the three sub-scales, range from −98 to
+98 in the GM domain, −96 to +96 in the FM domain, and −62
to +62 in the PA domain. For display purposes, EMQ raw scores
were adjusted by adding 75 to GM and FM scores, and by adding
35 to PA scores.
ANALYSIS
Differences in grasping duration were examined using analysis
of variance (ANOVA) prior to training and using analysis of
covariance (ANCOVA, including pre-training grasping duration
as covariate) following 2 weeks of training with Group (5) as
between-subjects factor. The ANCOVA was followed by planned
comparisons between the HR-AT group and all other groups in
the model. Finally, within-group analyses were conducted using
paired t-tests comparing pre and post training scores on the EMQ
and reaching assessment, and using one-sample t-tests to assess
face preference following training. Where applicable, partial eta-
squared (η2p) or Cohen’s d was calculated as measures of effect
size.
RESULTS
Preliminary analyses revealed no effects of Gender on infants’
grasping behavior, EMQ scores, or face preference scores
(ps > 0.220). Therefore, Gender was excluded from all subsequent
analyses.
REACHING ASSESSMENT
Between-group analyses
A one-way ANOVA revealed no differences in baseline grasping
duration between any of the groups prior to training (p = 0.715).
Following 2 weeks of parent-implemented training, an analysis
of change using ANCOVA (with pre-training grasping dura-
tion as covariate) revealed a significant main effect of Group,
F(4,83) = 3.068, p = 0.021, η2p = 0.129. Planned comparisons
revealed significantly longer grasping durations following training
in the HR-AT group (M = 31.37, SD = 26.21) than in the LR-PT
group [M = 11.80, SD = 14.70; p = 0.018, 95% CI (−31.04,
−3.06)], the LR-EE group [M = 16.07, SD = 17.74; p = 0.035,
95% CI (−28.86, −1.11)], or the LR-ME group [M = 13.10,
SD = 18.53; p = 0.018, 95% CI (−31.04, −3.06)]. In contrast,
there were no significant differences between the HR-AT and the
LR-AT group (M = 29.93, SD = 16.82; p = 0.901).
Within-group analyses
Paired-sample t-tests were used to compare grasping duration
before and after training within each group. Results revealed a
significant increase in grasping duration in the HR-AT group,
t(16) = 3.084, p = 0.007, d = 0.82, and the LR-AT group,
t(17)= 3.857, p= 0.001,d = 0.81. No significant changes in grasp-
ing duration were observed in the remaining groups (ps > 0.265).
These findings are summarized in Figure 3.
EARLY MOTOR QUESTIONNAIRE
The current study was the first to include a parent-report measure
to assess the effect of AT on motor skill development. Conse-
quently, EMQ scores were only available for the HR-AT group.
Paired-sample t-tests revealed significant increases in EMQ raw
scores in the GM domain (Pre: M = −66.69, SD = 7.28; Post:
M = −63.00, SD = 5.02), t(15) = 2.357, p = 0.032, d = 0.59, the
FM domain (Pre: M = −67.56, SD = 9.65; Post: M = −61.13,
SD = 8.70), t(15) = 2.565, p = 0.022, d = 0.70, and in the
perception-action domain (Pre: M = −28.06, SD = 3.49; Post:
M = −23.50, SD = 4.53), t(15) = 3.607, p = 0.003, d = 1.13.
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FIGURE 3 | Average grasping duration before (Pre) and after (Post)
training by group. Data from the low risk (LR) groups was taken from (a)
Libertus and Needham (2010) or (b) Libertus and Needham (2014). Error
bars represent SEM, *p < 0.05.
These findings parallel the observed increases in grasping dura-
tion reported above. However, it is important to note that
parents’ interactions with their child during the AT may have
affected their EMQ ratings. The EMQ results are summarized in
Figure 4.
FACE PREFERENCE TASK
Previously published findings (Libertus and Needham, 2014) have
noted a significant preference for faces over toys in the LR-AT
group (M = 24.24, SD = 38.32), t(16) = 2.609, p = 0.019 and
in the LR-ME group (M = 19.01, SD = 25.20), t(16) = 3.110,
p = 0.007. In contrast, no face preference was observed in the
LR-EE group (M = 15.27, SD = 43.42; p = 0.166) or the LR-PT
group (M = 1.78, SD = 36.46; p = 0.839). Using the same task,
the HR-AT group showed an overall positive preference for faces
but this effect failed to reach statistical significance (M = 13.92,
SD = 29.16; t(14) = 1.849, p = 0.086; see Figure 5). This result
needs to be interpreted with caution, as stimuli were presented on
FIGURE 4 | Adjusted Early Motor Questionnaire (EMQ) raw scores
before (Pre) and after (Post) training for the high risk active training
group. Error bars are SEM, *p < 0.05.
FIGURE 5 | Average face preference scores after training (Post) by
group. Data from the LR groups was taken from (a) Libertus and Needham
(2011) or (b) Libertus and Needham (2014). Error bars represent SEM,
*p < 0.05, †p = 0.086.
different sized screens (17′′ vs. 22′′) between HR and LR infants.
However, the actual area taken up by the face-toy pairs in the visual
field was similar across studies (see Materials and Methods).
RELATION BETWEEN FACE PREFERENCE AND GRASPING ACTIVITY
The relation between infants’ preference for faces and their
grasping behavior was assessed using Pearson’s correlation by
comparing infants’ proportion of grasping duration after training
(reported in Figure 3) to their face preference scores after training
(reported in Figure 5). Due to the small sample sizes within each
group, correlations were not statistically significant for individ-
ual groups and need to be interpreted with caution. Nevertheless,
the three LR groups that have obtained some object manipula-
tion experiences during training (AT, EE, and ME groups) showed
similar positive correlations between face preference and grasp-
ing duration scores (LR-AT: r = 0.315, p = 0.218; LR-ME:
r = 0.363, p = 0.152; LR-EE: r = 0.387, p = 0.125). Combin-
ing these three groups resulted in a significant positive correlation
of comparable magnitude as in the individual groups (r = 0.344,
p = 0.013). In contrast, the LR-PT group exhibited no correlation
between face preference and grasping activity (LR-PT: r = −0.059,
p = 0.816). Interestingly, the HR-AT group also showed no cor-
relation between face preference and grasping activity (r = 0.016,
p = 0.955), exhibiting a pattern closer to the LR-PT group than
to the LR-AT group. This pattern could suggest that the connec-
tion between early motor experiences and face preference may
be disrupted in at least some HR infants. This intriguing pre-
liminary observation should be investigated in more detail in the
future.
DISCUSSION
The current study investigated the response of infants at high
familial risk (HR) forASD to parent-implementedmotor training.
Our results provide evidence that 3-month-oldHR infants are able
to learn from scaffolded reaching experiences (AT using “sticky
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mittens”) and are likely to respond to treatment interventions tar-
geting the motor domain. In fact, behavior of the HR infants
assessed here paralleled that of LR infants reported in Libertus
and Needham (2010). Both LR and HR infants showed similar
levels of grasping activity before (MHR = 12.93; MLR = 11.43)
and following 2-weeks of AT (MHR = 31.37; MLR = 29.93).
In addition, the current study used a complementary parent-
report measure (EMQ) and revealed increases in GM, FM, and
perception-action integration skills following training in the HR
group. These results are the first to show that HR infants respond
to parent-implemented motor training using “sticky mittens” and
that that the effects of such training are evident via parent-report.
Finally, the current study also investigated infants’ preference for
faces over toys following 2 weeks of motor training. In contrast to
the LR infants, the HR group did not show a clear preference for
faces over toys following training. This result is surprising andmay
suggest differences in learning frommotor experiences in someHR
infants – although future research on this issue is needed.
MOTOR DEVELOPMENT IN ASD
Our preliminary findings show that 3-month-old HR infants
respond well to an intervention targeting their early motor skills,
but should not be interpreted as providing an earlyASD treatment.
Rather, our findings are a first step that should encourage future
research toward the development of ASD intervention paradigms
incorporating the motor domain. A number of studies have sug-
gested that infants later diagnosed with ASD or who are at high
familial risk for ASD show atypical motor development in infancy.
For example, prospective studies with HR infants have shown
subtle motor delays that persist or become more prominent as
children grow older (e.g., Landa et al., 2012; Leonard et al., 2013;
Lloyd et al., 2013). Further, motor delays are more common in
HR than in LR infants and poor postural control skills have been
observed in HR infants (Bhat et al., 2011; Nickel et al., 2013).
More recently, reduced grasping activity andpoor grasping-related
fine motor skills have been reported in 6-month-old HR infants
(Libertus et al., 2014). Nevertheless, it remains unclear whether
delayed or atypical motor skills are related to subsequent ASD
symptoms. Such a connection between motor and social skills has
been theorized in ASD (Bhat et al., 2011), and empirical evidence
suggests that early motor skills may affect subsequent develop-
ment of social communication skills and may even predict ASD in
HR infants (Bhat et al., 2012; Flanagan et al., 2012; LeBarton and
Iverson, 2013; Leonard et al., 2014). These findings suggest that
atypical or delayed motor skills in early infancy may contribute
to (not cause) subsequent ASD symptoms and should be targeted
in early intervention efforts. Our current findings indicate that
HR infants may indeed respond to early motor training target-
ing their grasping skills, which have been identified as an area
of weakness in 6-month-old HR infants (Libertus et al., 2014).
Longitudinal follow-up studies are now necessary to determine
whether such early motor training may also facilitate subsequent
social or language development in HR infants.
INFLUENCES OF MOTOR SKILLS FOR SOCIAL DEVELOPMENT
Motor development can affect subsequent development in seem-
ingly unrelated domains by providing infants and toddlers with
the necessary means to engage with the world around them.
For example, studies have shown that motor experiences and
first-hand opportunities to explore objects impact infants’ per-
ceptual development (e.g., Gibson and Pick, 2000; Bourgeois
et al., 2005; Soska et al., 2010; Schwarzer et al., 2012). However,
motor experiences are also critical for social interactions and
exchanges – a relation that is often overlooked. For instance,
grasping allows infants to show or share objects with others,
opening up opportunities for social exchanges, joint attention,
and learning. A recent review of 43 studies on the relation
between motor and social skills confirms the importance of early
motor skills for infants’ social development (Leonard and Hill,
2014).
Direct evidence for a relation between motor experiences and
social development comes from studies using “sticky mittens” to
provide 3-month-old infants’ who are not reaching on their own
yet with experiences of successful reaching. Using this paradigm,
studies have reported changes in infants’ understanding and inter-
pretation of another persons’ actions and in their preference for
faces (Sommerville et al., 2005; Libertus and Needham, 2011;
Skerry et al., 2013; Gerson and Woodward, 2014). More recently,
significant correlations between infants’ motor activity and their
preference for faces have been reported in untrained, naïve infants
(Libertus and Needham, in press). Together, these studies suggest
that experiences of obtaining and manipulating objects encour-
age social attention in typically developing 3-month-old infants.
Using the same paradigm, the current study provides only lim-
ited evidence for a relation between motor experiences and face
preference in HR infants. Previous work suggests that the devel-
opment of face preference and processing skills may be altered in
HR infants. For example, infants later diagnosed with ASD seem
to reduce their attention toward the eye region in faces between 2
and 6 month of age (Jones and Klin, 2013). Similarly, 6-month-
olds later diagnosed with ASD seem less interested in faces within
the context of complex visual scenes than typically developing
infants (Chawarska et al., 2013). But at the same time, 7-month-
old HR infants seem to show a stronger orienting response and
preference for faces than LR peers within the context of simple
visual displays (Elsabbagh et al., 2013). Together, these findings
suggest that face preference and processing skills are not simply
absent in HR infants, but seem to follow a different develop-
mental trajectory. Our findings on the face preference task may
reflect such differences in face processing skills in HR infants
and could be driven by overall more variability within this group
(reducing statistical power) or by a sub-set of HR infants who
will eventually be diagnosed with ASD. Follow-up assessments
of the HR infants reported here are planned to investigate this
possibility.
LIMITATIONS
The findings reported here are interesting and may inform
the design and implementation of future ASD intervention
paradigms. Nonetheless, there are limitations that need to be con-
sidered. First of all, no untrained or PT-HR control group was
included in the current sample. Given the overall similar per-
formance between the HR-AT and LR-AT groups, we would not
expect a HR-PT group to perform differently from the LR-PT
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groupon the reaching assessment or face preference task. However,
having a HR-PT group would be of interest for interpreting EMQ
results. While in agreement with our direct-observation measures,
the impact of parental bias on EMQ scores remains unknown.
Further, it is unclear whether alternate training procedures such
as PT would also affect EMQ scores. For example, it is possible
that the increases in EMQ GM scores stem from additional sitting
experiences provided during the training. These experiences are
shared between theAT and PT groups and consequently EMQ GM
scores might increase following either AT or PT procedures.
Further limitations of the current study are the slight method-
ological differences between the HR and LR groups. For example,
the reaching assessment was administered in a slightly different
way to the LR groups than to the HR groups, and stimuli for
the face preference task were presented on different sized screens
between the HR and LR groups (see Materials and Methods). The
fact that we obtained highly similar results in the HR-AT and LR-
AT groups suggests that these differences did not influence our
results.
CONCLUSION
In conclusion, our findings suggest that 3-month-old infants at
HR for ASD respond to early motor-focused interventions. Fol-
lowing 2 weeks of parent-implemented training using “sticky
mittens,” HR infants showed increased grasping activity during
object exploration and scored higher on a parent-report mea-
sure of early motor skills. These results replicate previous findings
obtained with LR infants and extend them to a population known
to exhibit reduced grasping and motor skills in infancy. At the
same time, increased grasping experiences during and following
training did not seem to stimulate attention toward faces in HR
infants. Although the motor training was not set-up to encour-
age a preference for faces, this result stands in contrast to prior
findings with LR infants. It is possible that the motor and social
skills of some HR infants are not connected in the same way as in
LR infants during the ages assessed here (3-month-olds). Longi-
tudinal follow-up investigations will be conducted to examine this
possibility further.
ACKNOWLEDGMENTS
Wewould like to thank the children and their families for their gen-
erous participation in and commitment to this research. We also
thank the research staff at the Kennedy Krieger Institute Center for
Autism and Related Disorders. Financial support was provided by
an Autism Science Foundation Post-doctoral Fellowship to Klaus
Libertus and by NIMH grant R01 MH59630 to Rebecca J. Landa
(Principal Investigator). Data that was taken from previously pub-
lished studies is credited in the main text and was collected with
funding support by NIH grant R01 HD05120 to Amy Needham
(Principal Investigator).
REFERENCES
Bhat, A. N., Galloway, J. C., and Landa, R. (2012). Relation between early motor
delay and later communication delay in infants at risk for autism. Infant Behav.
Dev. 35, 838–846. doi: 10.1016/j.infbeh.2012.07.019
Bhat, A. N., Landa, R. J., and Galloway, J. C. (2011). Current perspectives on motor
functioning in infants, children, and adults with autism spectrum disorders. Phys.
Ther. 91, 1116–1129. doi: 10.2522/ptj.20100294
Bornstein, M. H., Hahn, C. S., and Suwalsky, J. T. (2013). Physically devel-
oped and exploratory young infants contribute to their own long-term aca-
demic achievement. Psychol. Sci. 24, 1906–1917. doi: 10.1177/095679761
3479974
Bourgeois, K. S., Khawar,A.W., Neal, S. A., and Lockman, J. J. (2005). Infant manual
exploration of objects, surfaces, and their interrelations. Infancy 8, 233–252. doi:
10.1207/S15327078in0803_3
Bushnell, E. W., and Boudreau, J. P. (1993). Motor development and the
mind - the potential role of motor abilities as a determinant of aspects of per-
ceptual development. Child Dev. 64, 1005–1021. doi: 10.1111/J.1467-8624.1993.
Tb04184.X
Caravale, B., Tozzi, C., Albino, G., and Vicari, S. (2005). Cognitive development in
low risk preterm infants at 3–4 years of life. Arch. Dis. Child Fetal Neonatal Ed.
90, F474–F479. doi: 10.1136/adc.2004.070284
Chawarska, K., Macari, S., and Shic, F. (2013). Decreased spontaneous attention
to social scenes in 6-month-old infants later diagnosed with autism spec-
trum disorders. Biol. Psychiatry 74, 195–203. doi: 10.1016/j.biopsych.2012.
11.022
Clearfield, M. W., Osborne, C. N., and Mullen, M. (2008). Learning by looking:
Infants social looking behavior across the transition from crawling to walking.
J. Exp. Child Psychol. 100, 297–307. doi: 10.1016/j.jecp.2008.03.005
DeNicola, C., Holt, N. A., Lambert, A. J., and Cashon, C. H. (2013). Attention-
orienting and attention-holding effects of faces on 4- to 8-month-old infants. Int.
J. Behav. Dev. 37, 143–147. doi: 10.1177/0165025412474751
Elsabbagh, M., Gliga, T., Pickles, A., Hudry, K., Charman, T., Johnson, M. H.,
et al. (2013). The development of face orienting mechanisms in infants at-risk for
autism. Behav. Brain Res. 251, 147–154. doi: 10.1016/j.bbr.2012.07.030
Elsabbagh, M., and Johnson, M. H. (2010). Getting answers from babies about
autism. Trends Cogn. Sci. 14, 81–87. doi: 10.1016/j.tics.2009.12.005
Flanagan, J. E., Landa, R., Bhat, A., and Bauman, M. (2012). Head lag in infants
at risk for autism: a preliminary study. Am. J. Occup. Ther. 66, 577–585. doi:
10.5014/Ajot.2012.004192
Folio, M. R., and Fewell, R. R. (2000). Peabody Developmental Motor Scales
Examiner’s Manual, 2nd Edn. Austin, TX: Pro-Ed Inc.
Friedman,A. H.,Watamura, S. E., and Robertson, S. S. (2005). Movement–attention
coupling in infancy and attention problems in childhood. Dev. Med. ChildNeurol.
47, 660–665. doi: 10.1111/j.1469-8749.2005.tb01050.x
Gerson, S. A., and Woodward, A. L. (2014). Learning from their own actions: the
unique effect of producing actions on infants’ action understanding. Child Dev.
85, 264–277. doi: 10.1111/cdev.12115
Gibson, E. J., and Pick, A. D. (2000). An Ecological Approach to Perceptual Learning
and Development. New York: Oxford University Press.
Hill, E. L. (2001). Non-specific nature of specific language impairment: a review
of the literature with regard to concomitant motor impairments. Int. J. Lang.
Commun. Disord. 36, 149–171. doi: 10.1080/13682820010019874
Jones, W., and Klin, A. (2013). Attention to eyes is present but in decline in 2-
6-month-old infants later diagnosed with autism. Nature 504, 427–431. doi:
10.1038/Nature12715
Karasik, L. B., Tamis-LeMonda, C. S., and Adolph, K. E. (2014). Crawling and
walking infants elicit different verbal responses from mothers. Dev. Sci. 17, 388–
395. doi: 10.1111/desc.12129
Landa, R. J., Gross, A. L., Stuart, E. A., and Bauman, M. (2012). Latent class analysis
of early developmental trajectory in baby sibs of children with autism. J. Child
Psychol. Psychiatry 53, 986–989. doi: 10.1111/j.1469-7610.2012.02558.x
Landa, R. J., Gross, A. L., Stuart, E. A., and Faherty, A. (2013). Developmental
trajectories in children with and without autism spectrum disorders: the first 3
years. Child Dev. 84, 429–442. doi: 10.1111/j.1467-8624.2012.01870.x
LeBarton, E. S., and Iverson, J. M. (2013). Fine motor skill predicts expressive
language in infant siblings of children with autism. Dev. Sci. 16, 815–827. doi:
10.1111/desc.12069
Leonard, H. C., Bedford, R., Charman, T., Elsabbagh, M., Johnson, M. H., Hill,
E. L., et al. (2013). Early and persistent motor difficulties in infants at-risk of
developing autism spectrum disorder: a prospective study. Eur. J. Dev. Psychol.
11, 1–18. doi: 10.1080/17405629.2013.801626
Leonard, H. C., Bedford, R., Charman, T., Elsabbagh, M., Johnson, M. H.,
Hill, E. L., et al. (2014). Motor development in children at risk of autism: a
follow-up study of infant siblings. Autism 18, 281–291. doi: 10.1177/1362361312
470037
www.frontiersin.org September 2014 | Volume 5 | Article 1071 | 7
Libertus and Landa Motor training in HR infants
Leonard, H. C., and Hill, E. L. (2014). Review: the impact of motor development
on typical and atypical social cognition and language: a systematic review. Child
Adolesc. Ment. Health 19, 163–173. doi: 10.1111/camh.12055
Libertus, K., and Landa, R. J. (2013). The Early Motor Questionnaire (EMQ): a
parental report measure of early motor development. Infant Behav. Dev. 36,
833–842. doi: 10.1016/j.infbeh.2013.09.007
Libertus, K., and Needham,A. (2010). Teach to reach: the effects of active vs. passive
reaching experiences on action and perception. Vision Res. 50, 2750–2757. doi:
10.1016/j.visres.2010.09.001
Libertus, K., and Needham, A. (2011). Reaching experience increases face
preference in 3-month-old infants. Dev. Sci. 14, 1355–1364. doi: 10.1111/j.1467-
7687.2011.01084.x
Libertus, K., and Needham, A. (2014). Encouragement is nothing without control:
factors influencing the development of reaching and face preference. J.Mot. Learn.
Dev. 2, 16–27. doi: 10.1123/jmld.2013-0019
Libertus, K., and Needham, A. (in press). Face preference in infancy and its relation
to motor activity. Int. J. Behav. Dev. doi: 10.1177/0165025414535122
Libertus, K., Sheperd, K. A., Ross, S. W., and Landa, R. J. (2014). Limited fine motor
and grasping skills in 6-month-old infants at high risk for autism. Child Dev. doi:
10.1111/cdev.12262 [Epub ahead of print].
Lloyd, M., MacDonald, M., and Lord, C. (2013). Motor skills of toddlers with
autism spectrum disorders. Autism 17, 133–146. doi: 10.1177/1362361311
402230
Masataka, N. (2001). Why early linguistic milestones are delayed in children with
Williams syndrome: late onset of hand banging as a possible rate–limiting con-
straint on the emergence of canonical babbling. Dev. Sci. 4, 158–164. doi:
10.1111/1467-7687.00161
Ming, X., Brimacombe, M., and Wagner, G. C. (2007). Prevalence of motor
impairment in autism spectrum disorders. Brain Dev. 29, 565–570. doi:
10.1016/j.braindev.2007.03.002
Mullen, E. M. (1995). Mullen: Scales of Early Learning (AGS Edition). Circle Pines,
MN: American Guideline Service Inc.
Needham, A., Barrett, T., and Peterman, K. (2002). A pick-me-up for infants’
exploratory skills: early simulated experiences reaching for objects using “sticky
mittens” enhances young infants’ object exploration skills. Infant Behav. Dev. 25,
279–295. doi: 10.1016/S0163-6383(02)00097-8
Nickel, L. R., Thatcher, A. R., Keller, F., Wozniak, R. H., and Iverson, J. M. (2013).
Posture development in infants at heightened versus low risk for autism spectrum
disorders. Infancy 18, 639–661. doi: 10.1111/infa.12025
Ozonoff, S., Young, G. S., Carter, A., Messinger, D., Yirmiya, N., Zwaigenbaum,
L., et al. (2011). Recurrence risk for autism spectrum disorders: a baby sib-
lings research consortium study. Pediatrics 128, e488–e495. doi: 10.1542/peds.
2010-2825
Piek, J. P., Dawson, L., Smith, L. M., and Gasson, N. (2008). The role of early fine
and gross motor development on later motor and cognitive ability. Hum. Mov.
Sci. 27, 668–681. doi: 10.1016/j.humov.2007.11.002
Schwarzer, G., Freitag, C., Buckel, R., and Lofruthe, A. (2012). Crawling is associated
with mental rotation ability by 9-Month-Old Infants. Infancy 18, 432–441. doi:
10.1111/j.1532-7078.2012.00132.x
Skerry, A. E., Carey, S. E., and Spelke, E. S. (2013). First-person action experience
reveals sensitivity to action efficiency in prereaching infants. Proc. Natl. Acad. Sci.
U.S.A. 110, 18728–18733. doi: 10.1073/pnas.1312322110
Sommerville, J. A., Woodward, A. L., and Needham, A. (2005). Action experience
alters 3-month-old infants’ perception of others’ actions. Cognition 96, B1–B11.
doi: 10.1016/j.cognition.2004.07.004
Soska,K.C.,Adolph,K. E., and Johnson, S. P. (2010). Systems indevelopment:motor
skill acquisition facilitates three-dimensional object completion. Dev. Psychol. 46,
129–138. doi: 10.1037/a0014618
Tamis-Lemonda, C. S., and Bornstein, M. H. (1993). Antecedents of exploratory
competence at one year. Infant Behav. Dev. 16, 423–439. doi: 10.1016/0163-
6383(93)80002-P
Thelen, E., Corbetta, D., and Spencer, J. P. (1996). Development of reaching during
the first year: role of movement speed. J. Exp. Psychol. Hum. Percept. Perform. 22,
1059–1076. doi: 10.1037/0096-1523.22.5.1059
Tottenham, N., Tanaka, J., Leon, A. C., McCarry, T., Nurse, M., Hare, T. A., et al.
(2009). TheNimStim set of facial expressions: judgments fromuntrained research
participants. Psychiatry Res. 168, 242–249. doi: 10.1016/j.psychres.2008.05.006
van Haastert, I. C., de Vries, L. S., Helders, P. J. M., and Jongmans, M. J. (2006).
Early gross motor development of preterm infants according to theAlberta Infant
Motor Scale. J. Pediatr. 149, 617–622. doi: 10.1016/j.jpeds.2006.07.025
Vicari, S. (2006). Motor development and neuropsychological patterns in persons
with down syndrome. Behav. Genet. 36, 355–364. doi: 10.1007/s10519-006-
9057-8
Wang, M. V., Lekhal, R., Aaro, L. E., and Schjolberg, S. (2014). Co-occurring
development of early childhood communication and motor skills: results from
a population-based longitudinal study. Child Care Health Dev. 40, 77–84. doi:
10.1111/cch.12003
White, B. L., Castle, P., and Held, R. (1964). Observations on the development
of visually-directed reaching. Child Dev. 35, 349–364. doi: 10.1111/j.1467-
8624.1964.tb05944.x
Conflict of Interest Statement:The authors declare that the research was conducted
in the absence of any commercial or financial relationships that could be construed
as a potential conflict of interest.
Received: 07 January 2014; accepted: 06 September 2014; published online: 23
September 2014.
Citation: Libertus K and Landa RJ (2014) Scaffolded reaching experiences encour-
age grasping activity in infants at high risk for autism. Front. Psychol. 5:1071. doi:
10.3389/fpsyg.2014.01071
This article was submitted to Developmental Psychology, a section of the journal
Frontiers in Psychology.
Copyright © 2014 Libertus and Landa. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s) or licensor
are credited and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.
Frontiers in Psychology | Developmental Psychology September 2014 | Volume 5 | Article 1071 | 8
